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)RU D IXWXUH OXPLQRVLW\ XSJUDGH RI &(51¶V /DUJH +DGURQ &ROOLGHU D VXEVWDQWLDOO\ KLJKHU OHYHO RI
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RSHQPLGSODQHDUHSURSRVHG>@:LWKDQRSHQPLGSODQH WKH LQWHUDFWLRQZLWK WKHKLJK HQHUJ\SDUWLFOHV




GHVLJQ RSWLRQV FDQ EH FRQVLGHUHG EXW RIWHQ FRPSHWLQJ REMHFWLYHV KDYH WR EH EDODQFHG )LJ  JLYHV
H[DPSOHV RI DQ RSHQ PLGSODQH DQG WKH XVH RI DEVRUEHUV $V D VWDUWLQJ SRLQW WKH QRPLQDO GHVLJQ
SDUDPHWHUVRIWKH/+&3KDVH,XSJUDGHIRUWKHVRFDOOHG04;&LQQHUWULSOHWTXDGUXSROHPDJQHWDUHXVHG
>@ $ UHDOLVWLF YDOXH IRU WKH SHDN HQHUJ\ GHSRVLWLRQ LQ WKH FRQGXFWRUV LV DERXW P:FP ZKHQ QR
DEVRUEHU LVXVHG>@7KHEHDPSLSHUHFHLYHV WKHKLJKHVWKHDW ORDGVKLHOGLQJ WKH FRQGXFWRUV LQ WKH ILUVW
DQGVHFRQGOD\HUVLQWKHZLQGLQJV7KHDVVXPSWLRQLVPDGHWKDWWKHPDVVGHQVLW\RIFROODUPDWHULDODQG
FDEOHV LV WKH VDPHDVZHOO DV WKHPDJQHWLF ILHOG ,Q WKLVFDVH WKH VSDWLDO HQHUJ\GHSRVLWLRQGLVWULEXWLRQ
GRHVQRWFKDQJHVLJQLILFDQWO\ZKHQWKHFRQGXFWRUVDUHWLOWHGRYHUDVPDOODQJOH)XUWKHUPRUHLWLVDVVXPHG
WKDW WKH FRQGXFWRUV DUH RQO\ WLOWHG DQG WKDW WKH OD\RXW RI WKH FRLO KDV QRW FKDQJHG 7R PHHW WKH

















VLQFH WKH WKHUPDO DQDO\VLV FDQEH SDUWLDOO\ GHFRXSOHG IURP WKH HOHFWURPDJQHWLF DQGPHFKDQLFDO GHVLJQ
:LWK WKH LQWURGXFWLRQ RI DGGLWLRQDO KHDW UHPRYDO FKDQQHOV LQ SUHYLRXVO\ FORVHG SDUWV RI WKH LQVXODWLRQ
KHOLXPFDQPRUH HDVLO\ UHDFK WKH FRQGXFWRUV DQG FRRO WKHPPRUH HIIHFWLYHO\0DQ\ \HDUV DUH VSHQW WR
EHWWHU XQGHUVWDQG WKHKHDW WUDQVIHU WKURXJK WKH FDEOH LQVXODWLRQ7KLVPDLQ WKHUPDOEDUULHU EHWZHHQ WKH
VXSHUFRQGXFWLQJ FDEOHV DQG WKH KHDW VLQN KDV EHHQ WKHUPDOO\ RSWLPL]HG ZKLFK KDV UHVXOWHG LQ WKH VR
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FDOOHG(QKDQFHG,QVXODWLRQ>@0LFURFKDQQHOVILOOHGZLWKVXSHUIOXLGKHOLXPDUHLQWURGXFHGVXFKWKDWWKH
HIIHFWLYH WKHUPDO FRQGXFWLYLW\ RI WKH FDEOH LQVXODWLRQ LV VWURQJO\ LQFUHDVHG ,PSURYHPHQWV RI WKH KHDW




WRZDUGV WKH KHDW VLQN 7KH WKHUPDO LPSURYHPHQWV PHQWLRQHG EHIRUH RQO\ SDUWLDOO\ KHOS UHGXFLQJ WKH
WHPSHUDWXUH H[FXUVLRQV LQ WKH PLGSODQH FRQGXFWRUV +RZHYHU DOVR KHUH LPSURYHPHQWV RI WKH WKHUPDO
GHVLJQDUHSRVVLEOHZLWKRXWLQWHUIHULQJZLWKWKHHOHFWULFDOPDJQHWLFRUPHFKDQLFDOGHVLJQ
$W D KRPRJHQHRXV EDWK WHPSHUDWXUH WKH WHPSHUDWXUH PDUJLQ RI WKH PLGSODQH FRQGXFWRUV LV DERXW
. KLJKHU WKDQ WKH PDUJLQ RI WKH SROH FRQGXFWRUV DW DQ RSHUDWLQJ FXUUHQW RI N$ VLQFH WKH









.DSWRQ a:P. DW . UHVXOWV VKRZPXFK VPDOOHU WHPSHUDWXUH PDUJLQV IRU DOO FRQGXFWRUV
)URP )LJ  LW DOVR EHFRPHV FOHDU WKDW P:FP LV SUHVHQW LQ WKH FULWLFDO UDQJH IRU WKH /+&0%
LQVXODWLRQ WKHDGYDQWDJHRI WKH VXSHUIOXLGKHOLXP GHFUHDVHV VWURQJO\DWGHSRVLWLRQVRI P:FPDQG






ZKHQ VROLG SRO\LPLGH FDEOH LQVXODWLRQ ZLWK D WKLFNQHVV RI ȝP LV XVHG 5LJKW 7HPSHUDWXUH LQFUHDVH YHUVXV
DSSOLHGSRZHUGHQVLW\IRUWKUHHGLIIHUHQWFDEOHLQVXODWLRQV
2. Thermal model 
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WKHUPDO WUDQVSRUW SURSHUWLHV RI+H,, DOORZ IDLUO\ KLJK HQHUJ\ GHSRVLWLRQV LQ WKH VXSHUFRQGXFWLQJ FRLO
ZLWKRXW ODUJH WHPSHUDWXUH H[FXUVLRQV DULVLQJ 7KH WKHUPDO SURSHUWLHV DUH VWURQJO\ QRQOLQHDU 7KH
SURSHUWLHVRIVXSHUIOXLGKHOLXPDUHLPSOHPHQWHGLQRXUWKHUPDOPRGHOXVLQJWKH*RUWHU0HOOLQNODZIRU






ZKHUH T LV WKH KHDW IOX[ LQ :P I7 LV WKH KHDW FRQGXFWLYLW\ IXQFWLRQ LQ :P. DQG 7 LV WKH
WHPSHUDWXUH LQ.7KHUHIRUHKLJKHUHQHUJ\GHSRVLWLRQVGHFUHDVH WKHKHDWH[WUDFWLRQFDSDELOLWLHV WKURXJK
VXSHUIOXLG KHOLXP DQG FDQ FDXVH WHPSHUDWXUH ULVHV XS WR WKH ODPEGD WHPSHUDWXUH 2QFH WKH ODPEGD
WHPSHUDWXUHLVUHDFKHGKHOLXPZLOOORVHLWVDOPRVWSHUIHFWWUDQVSRUWSURSHUWLHV
$ WKHUPDO PRGHO LQFOXGLQJ FKDQQHOV ILOOHG ZLWK VXSHUIOXLG KHOLXP LV LPSOHPHQWHG LQ &2062/
0XOWLSK\VLFV>@(IIHFWLYHWKHUPDOFRQGXFWLYLWLHVDUHH[WUDFWHGIURPPHDVXUHPHQWVRIWKHVRFDOOHG0%
LQVXODWLRQZKLFKLVDSSOLHGLQ/+&¶VPDLQEHQGLQJGLSROHPDJQHWVDQGWKHVRFDOOHG(QKDQFHG,QVXODWLRQ
PHQWLRQHG EHIRUH 7KLV LQVXODWLRQ DOORZV VXSHUIOXLG KHOLXP WR SHQHWUDWH LQWR WKH PLFURVWUXFWXUH $OO
WKHUPDOEDUULHUVZKLFK DUH LQWURGXFHG LQ WKHPDJQHW GHVLJQGXH WRPDJQHWLF  HOHFWULF RUPHFKDQLFDO
GHVLJQ FULWHULD KDYH WR EH PLQLPL]HG +RZHYHU EHFDXVH RI WKHVH VDPH FULWHULD WKH WKHUPDO GHVLJQ
ZLQGRZ LV UDWKHU OLPLWHG &KDQQHOV ZLWK FURVVVHFWLRQV LQ WKH RUGHU RI ȝP WR PP FDQ EH LQWURGXFHG
ZLWKRXWLQWHUIHULQJVLJQLILFDQWO\ZLWKWKHHOHFWURPDJQHWLFDQGPHFKDQLFDOGHVLJQ
3. Influence of midplane cooling on the temperature margin
7RJXDUDQWHHVWDEOHPDJQHWRSHUDWLRQWKHWHPSHUDWXUHRIWKHFRQGXFWRUVQHHGVWRVWD\ZHOOEHORZWKH
FXUUHQWVKDULQJWHPSHUDWXUH7KHFRQGXFWRUVLQWKHLQQHUFRLOOD\HUDUHHIIHFWLYHO\FRROHGDWWKHVPDOOHGJH
IDFHDW WKH VLGHRI WKHEHDPSLSH7KHRWKHUVPDOOHGJH IDFH LVPRVWRIWHQEORFNHGE\DTXHQFKKHDWHU
ZKLFKLVPDGHRIDVWDLQOHVVVWHHOVWULSLQEHWZHHQWZRVKHHWVRI.DSWRQ7KLVPHDQVWKDWWKHUHLVQRGLUHFW















PPDRSHQVWUXFWXUH LV UHDOL]HGZKLFK WKHUPDOO\FRQQHFWV WKHFRLORXWHU OD\HU WR WKHKHOLXP
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LPSDFWRIPLGSODQHFRROLQJRQWKHWHPSHUDWXUHPDUJLQ'DVKHGOLQHVLQGLFDWHWKHVLWXDWLRQZLWKPLGSODQH
FRROLQJWKHIXOOOLQHVZLWKRXW)RUFODULW\WKHPDUJLQVIRUWKHFRQGXFWRUVLQWKHFRLOLQQHUOD\HUDQGFRLO
RXWHU OD\HU DUH VSOLW LQWR WZRSORWV WRSSORWV LQQHU OD\HU DQGERWWRPSORWVRXWHU OD\HU)XUWKHUPRUH DV
LQGLFDWHGLQ7DEOHWZROHYHOVRIHQHUJ\GHSRVLWLRQVDUHFRPSDUHG7KHQRPLQDOHQHUJ\GHSRVLWLRQLIQR
DEVRUEHU LVXVHGOHIWSORWVDQG WKHVLWXDWLRQZKHUH WKHHQHUJ\GHSRVLWLRQ LV WZRWLPHV WKLVYDOXHULJKW



















OD\HU PLJKW VWLOO EH FULWLFDO LQ WKH WKHUPDO GHVLJQ VLQFH WKH FRROLQJ LV ZRUVH 7KH ERWWRP OHIW SORW RI
)LJXUH VKRZV WKDWZLWKRXWPLGSODQHFRROLQJ WKH(QKDQFHG ,QVXODWLRQFDQH[WUDFW WKH HQHUJ\ IURP WKH
FDEOHV TXLWH HIIHFWLYHO\ WKH WHPSHUDWXUHPDUJLQ RI DOO FRLO RXWHU OD\HU FRQGXFWRUV KDV GHFUHDVHG DERXW
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.EXWWKHPDUJLQLVVWLOOPRUHWKDQ.$GGLWLRQDOPLGSODQHFRROLQJNHHSVDOOFRQGXFWRUVDWWKHEDWK

















FRROHG HIIHFWLYHO\ E\ PLGSODQH FRROLQJ ,I D VROLG .DSWRQ LQVXODWLRQ LV XVHG RQO\ WKH ILUVW FRXSOH RI
FRQGXFWRUVFRXQWHGIURPWKHPLGSODQHKDYHDQLQFUHDVHGWHPSHUDWXUHPDUJLQGXHWRPLGSODQHFRROLQJ
,QWKHFDVHRIXVLQJWKHHQKDQFHGPRUHRSHQFDEOHLQVXODWLRQDOPRVWDOOFRQGXFWRUVDUHPRUHHIIHFWLYHO\
FRROHGE\ DGGLWLRQDOPLGSODQH FRROLQJ EHFDXVH WKHPLFURFKDQQHOV LQ WKH FDEOH LQVXODWLRQ LWVHOI DUH LQ
PRUHGLUHFWFRQWDFWZLWKWKHKHOLXPEDWK
7KH FRLO VKRXOG DOZD\V EH DV RSHQ DV SRVVLEOH WR VXSHUIOXLG KHOLXP 0LGSODQH FRROLQJ VKRXOG EH
FRPELQHG ZLWK RWKHU WKHUPDO LPSURYHPHQWV LQ WKH PDJQHW GHVLJQ OLNH WKH HQKDQFHG FDEOH LQVXODWLRQ
RSHQ JURXQG LQVXODWLRQ PHDQGHULQJ TXHQFK KHDWHUV DQG WKH DQQXODU VSDFH EHWZHHQ WKH LQQHU OD\HU
FRQGXFWRUVDQGWKHEHDPSLSHPXVWEHOHIWRSHQ7KHVDPHLGHDFDQDOVREHDSSOLHGQH[WWRWKHZHGJHVWR
KDYHDODUJHUHIIHFWLYHFRROLQJVXUIDFHRIWKHFDEOHVLQWKRVHSDUWVRIWKHFRLOZLQGLQJVDVZHOO
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